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analyte was obtained are recorded. The prediction equation 1s
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recorded 1n the recording unit, and a step of calculating a
prediction value of the amount of the specific substance by
substituting the absorbance value from the mobility, with an

absorbance value from the corrected wavetorm data.
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EXAMINATION VALUE PREDICTING
DEVICE USING ELECTROPHORESIS
WAVEFORM, PREDICTION METHOD, AND
PREDICTING PROGRAM

TECHNICAL FIELD

The present invention relates to a test value prediction
apparatus, a test value prediction method, and a test value
predicting program in which electrophoresis wavetorm data
1s used, which are capable of accurately predicting the
amount of a specific substance, particularly the amount of a
substance to be measured 1n a biopsy (1.e., atest item), and the
presence or absence of a disease, using waveform informa-
tion that was obtained from the measurement of an electro-
phoresis wavelorm, particularly an electrophoresis test, and
normalized. Note that the present invention not only estimates
a test value at the time of measurement of the electrophoresis
wavelorm but can also estimate how the test value changes
over time after the measurement, and thus the term “‘estima-
tion” 1s also described as “predication’ 1n this specification.

BACKGROUND ART

In medical institutions, diagnosis based on laboratory test
values usually uses test values from a plurality of test items.
For example, for a health examination of metabolic syn-
drome, a plurality of test items having relatively high speci-
ficity for the syndrome, such as neutral fat, HDL cholesterol,
LDL cholesterol, and hemoglobin Alc, are simultaneously
tested, and the doctors use the obtained test values for diag-
nosis. Currently in Japan, the cost of testing in terms of the
National Health Insurance point scheme 1s a stmplified total
of 1,859 points per diagnosis. Additionally, due to the ana-
lytical principles of these test items being different from one
another, medical institutions and test institutions have and
maintain a plurality of analysis equipment.

A protein fractionation test 1s known as a method to ana-
lyze wavetorm information obtained by an electrophoresis
method used for laboratory tests and genetic analysis. A
method of specilying substances separated by mobility 1s
employed for the analysis of waveform information obtained
by electrophoresis used for laboratory tests, genetic analyses,
and the like. Since mobility varies depending on various
analytical conditions, 1t 1s necessary to normalize the mobil-
ity, 1.€., to correct the time axis, for such an analysis. Methods
for normalizing the mobility that have been used include a
method of mixing a reference marker substance into a sample
and a method of correcting the mobaility using a characteristic
wavelorm peak or the like as an index.

In the case of serum protein electrophoretic analysis, for
example, a plurality of samples can be analyzed simulta-
neously by applying several tens of samples to one film sheet
of cellulose acetate. Therefore, according to a method for
correcting the mobility in the sheet (see Non-Patent Docu-
ment 1 listed below) invented by the present mventor, a moni-
toring sample whose mobility has been examined 1s mixed
into analysis samples, and thereby all the mobilities can be
corrected based on the mobility of the monitoring sample.
With regard to capillary zone electrophoresis, an estimation
method that uses theoretical mobility 1s known (see Patent
Document 1 listed below).

Further, a method of normalizing a mobility measured
without mixing a marker substance mto a sample has been
suggested by the present inventor (see Non-patent Document

2 listed below).
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|[Patent Document 1] Japanese Unexamined Patent Publica-
tion No. 2001-074694

[Non-Patent Document 1] Hirom1 KATAOKA, Masahide
SASAKI, Hideaki NISHIDA, Kyoko TAKEDA, and Tet-
suro SUGIURA: “Seido Hosho no Kongono ITenkai (Future
Evolution of Accuracy Assurance), Rinshou Byouri (Clini-
cal Pathology), 47(9), pp. 823-829, 1999.

[Non-patent Document 2] Hiromi KATAOKA, Kiyoshi
ICHIHARA, Kanako TAKAHASHI, Kumiaki SAITO,
Taisuke HISAHARA, Katsumi Ogura, Tetsuro SUG-
IURA: Pattern hakken no tameno hannyotekina chroma-
tography idodo seikika algorithm no kaihatsu (Develop-
ment of versatile algorithm for normalization of mobaility
in chromatography for pattern discovery), Japan Society

tor Clinical Laboratory Automation, collection of abstracts
of the 37th Conference, p. 548.

DISCLOSURE OF INVENTION

Technical Problem

As described above, conventional diagnosis based on labo-
ratory test values has a problem, 1.e., the cost of testing
charged to the mndividual 1s high (about 15,000 yen).

Medical institutions and test institutions face a problem of
heavy expenditures for capital mvestment 1n analysis equip-
ment, reagents, manpower, €tc.

At the same time, with the conventional protein fraction-
ation test, a specific substance cannot be clearly separated
based on the area of a distinctly fractionated waveform and a
subtle difference 1n its pattern. Although the protein fraction-
ation test 1s sometime used to diagnose a disease based on the
wavelorm pattern, only about 5 disease groups can be diag-
nosed.

In order to solve the above described problems, a purpose
ol the present invention 1s to provide a test value prediction
apparatus, a test value prediction method, and a test value
predicting program, capable of accurately predicting the
amount of a specific substance, the presence or absence of a
disease, and the like, using waveform information obtained
from an electrophoresis test and normalized.

Technical Solution

The present inventor conducted extensive research to solve
the above problems. As a result, the present inventor has
found that the waveform pattern 1n the vicinity of albumin in
diabetic patients tends to be different from that 1n healthy
individuals although 1t has been considered that diabetes can-
not be diagnosed using the protein fractionation test. The
present invention 1s accomplished based on this finding.
A test value prediction apparatus (1) according to the
present invention, includes a recording unit and an operation
unit, wherein
a mobility and an absorbance value corresponding to the
mobility are used as a set of paired data; and

clectrophoresis wavelform data formed by a plurality of
said sets of paired data, and a prediction equation for
predicting the amount of a specific substance in an ana-
lyte or the presence or absence of a disease 1n the living
body from which the analyte was obtained are recorded
in the recording unit;

the prediction equation 1s a regression equation predeter-

mined by a maximum likelihood estimation method, n
which the explanatory variable 1s an absorbance value
corresponding to a mobility 1n corrected waveform data
generated as a result of the electrophoresis wavetform
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data on a plurality of analytes being subjected to nor-
malization and area correction, and the criterion variable
1s the amount of the specific substance or the presence or
absence of a disease;

the operation unit 1s configured to

read the electrophoresis wavetorm data recorded 1n the
recording unit, and generate corrected wavetform data
by performing normalization and area correction on
the electrophoresis wavetorm data, and

read the prediction equation recorded in the recording
unit, calculate a value of the prediction equation by
substituting the absorbance value corresponding to
the mobility which 1s the explanatory variable of the
prediction equation with an absorbance value from
the corrected wavelorm data generated from the elec-
trophoresis waveform data recorded 1n the recording
unit, and use the calculated value as a prediction value
of the amount of the specific substance or the presence
or absence of a disease; and

the area correction 1s a process to correct absorbance values

in electrophoresis wavelorm data using the area in the
normalized electrophoresis wavelorm data and the total
protein value of the analyte.

Further, a test value prediction apparatus (2) according to
the present mnvention 1s the test value prediction apparatus (1)
defined above, wherein

the specific substance 1s one substance selected from the

group consisting of hemoglobin Alc, glycoalbumin,
HDL cholesterol, LDL cholesterol, total cholesterol,
triglyceride, AFP, CEA, ALB, C4, transtferrin, CRP, IgA,
IegG, IgM, TP, CHE, GLB, ZT'1, serum Ca, Na 1n urine,
RBC, HT, HB, blood sedimentation, glucose 1n 24-hour
collected urine, protein 1n 24-hour collected urine, 1.5-
AG, anti-GAD Ab, circadian sugar level, blood sugar
during glucose tolerance test (each hourly value), insulin
during glucose tolerance test (each hourly value), lac-

tate, pyruvic acid, sialic acid, hyaluronic acid, E-CHO,
NEFA, H-CHO, TIBC, serum copper, zinc, vitamin B1,

RBP, LCAT, lysozyme, CKMB (MB %, MM %), LH,
FSH, prolactin, ACTH, T3, T4, CPR, msulin, BNP-FEI,
FIB, lupus anti core grant, ASK, CH50, C3, LE, thyroid,
ant1-1G, anti-TPO, haptoglon, SAA, IAP B2-MIC,
NSE, HGF, P-3-P, collagen 75, CA19-9R, CA72-4,
BCA225, STN, pro-GRP, TPA, ELASTA, SPANI,
ICTP, PSA ICG, ALB 1 urine, NAG 1n urine, and nasal
fluid eosinophils.

Further, a test value prediction apparatus (3) according to

the present invention 1s the test value prediction apparatus (1)
defined above, wherein
the corrected wavetform data used for determination of the
prediction equation 1s wavelorm data obtained by per-
forming convolution using Gaussian distribution on
wavelorm data generated as a result of normalization of
the electrophoresis wavetform data on a plurality of ana-
lytes; and
the operation unit normalizes the electrophoresis wave-
form data recorded in the recording unit, performs con-
volution using Gaussian distribution on the normalized
wavelorm data, and generates the corrected waveform
data used for calculation of the prediction value.
Further, a test value prediction apparatus (4) according to
the present invention 1s the test value prediction apparatus (1)
defined above, wherein
the specific substance 1s CEA; and
the amount of the specific substance used as a criterion
variable for determination of the prediction equationis a
logarithmic value of a measured value of CEA.
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Further, a test value prediction apparatus (5) according to
the present invention 1s the test value prediction apparatus (1)
defined above, wherein
the recording unit further records a first parameter and a
second parameter that are used for normalization;
the operation unit normalizes the electrophoresis wave-
form data using a linear function in which the first
parameter 15 a slope and the second parameter 1s an
intercept;
a plurality of warping functions that convert the electro-
phoresis wavelform data into a plurality of reference
wavelorm data, and DTW distances corresponding the
plurality of warping functions are obtained, and
the first parameter 1s the slope of a straight line approxi-
mating the warping function that corresponds to the
minimum DTW distance among the plurality of DTW
distances, and the second parameter 1s the intercept of
the straight line; and
the slope of the straight line approximating the warping
function 1s obtained by
calculating slopes between any folding points of the
warping function,

excluding slopes included in predetermined regions at
both ends when the plurality of slopes between fold-
ing points are arranged 1n order of value,

obtaining the slope of the straight line from the remain-
ing slopes.

A test value prediction apparatus (6) according to the
present invention 1s the test value prediction apparatus (1)
defined above, wherein when the corrected wavetorm data 1s
generated such that the albumin peak i1s at position 149 and
the marker peak 1s at position 396,

a prediction equation for hemoglobin Alc contains, as

explanatory variables, absorbance values corresponding
to mobilities at least at positions 28, 130, 138, 148, 258,
261, 302,329, and 419,

a prediction equation for HDL cholesterol contains, as an
explanatory variable, an absorbance value correspond-
ing to a mobility at least at position 189, or

a prediction equation for glycoalbumin contains, as
explanatory variables, absorbance values corresponding,
to mobilities at least at positions 27, 28, 31, 128, 1350,
346, and 347.

Further, a test value predicting method (1) according to the
present invention 1s a method for predicting the amount of a
specific substance 1n an analyte or the presence or absence of
a disease in the living body from which the analyte was
obtained, by using a computer including a recording unit and
an operation unit, wherein

a mobility and an absorbance value corresponding to the
mobility are used as a set of paired data; and

clectrophoresis wavetorm data formed by a plurality of
said sets of paired data, and a prediction equation for
predicting the amount of a specific substance 1n an ana-
lyte or the presence or absence of a disease 1n the living,
body from which the analyte was obtained are recorded
in the recording unit;

the prediction equation 1s a regression equation predeter-
mined by maximum likelihood estimation method 1n
which the explanatory variable 1s an absorbance value
corresponding to a mobility 1n corrected waveform data
generated as a result of the electrophoresis wavetform
data on a plurality of analytes being subjected to nor-
malization and area correction, and the criterion variable
1s the amount of the specific substance or the presence or
absence of a disease;

the test value prediction method further including
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a first step 1n which the operation unit reads the electro-
phoresis wavelorm data recorded in the recording
unit, and generates corrected wavelorm data by per-
forming normalization and area correction on the
clectrophoresis waveform data, and

a second step 1n which the operation unit reads the pre-
diction equation recorded 1n the recording unit, cal-
culates a value of the prediction equation by substi-
tuting the absorbance value corresponding to the
mobility which 1s the explanatory variable of the pre-
diction equation, with an absorbance value from the
corrected wavetorm data generated from the electro-
phoresis wavelorm data recorded in the recording
unit, and uses the calculated value as a prediction
value of the amount of the specific substance or the
presence or absence of a disease; and

the area correction1s a process to correct absorbance values

in electrophoresis wavelorm data using the area in the

normalized electrophoresis waveform data and the total
protein value of the analyte.

Further, a test value prediction method (2) according to the
present mvention 1s the test value prediction method (1)
defined above, wherein

the specific substance 1s one substance selected from the

group consisting of hemoglobin Alc, glycoalbumin,

HDIL, cholesterol, LDL cholesterol, total cholesterol,

triglyceride, AFP, CEA, ALB, C4, transferrin, CRP, IgA,

IeG, IgM, TP, CHE, GLB, ZT'1, serum Ca, Na 1n urine,

RBC, HT, HB, blood sedimentation, glucose 1n 24-hour

collected urine, protein 1n 24-hour collected urine, 1.5-

AG, anti-GAD Ab, circadian sugar level, blood sugar

during glucose tolerance test (each hourly value), insulin

during glucose tolerance test (each hourly value), lac-
tate, pyruvic acid, sialic acid, hyaluronic acid, E-CHO,

NEFA, H-CHO, TIBC, serum copper, zinc, vitamin B1,

RBP, LCAT, lysozyme, CKMB (MB %, MM %), LH,

FSH, prolactin, ACTH, T3, T4, CPR, insulin, BNP-FFI,

FIB, lupus anti core grant, ASK, CH50, C3, LE, thyroid,
ant1-1G, anti-TPO, haptoglon, SAA, IAP, B2-MIC,
NSE, HGF, P-3-P, collagen 75, CA19-9R, CA72-4,

BCA225, STN, pro-GRP, TPA, ELASTA, SPANI,

ICTP, PSA, ICG, ALB 1n urine, NAG 1n urine, and nasal
fluid eosinophils.

Further, a test value prediction method (3) according to the
present mvention 1s the test value prediction method (1)
defined above, wherein

the corrected wavetform data used for determination of the

prediction equation 1s wavelorm data obtained by per-
forming convolution using Gaussian distribution on
wavelorm data generated as a result of normalization of
the electrophoresis wavetorm data on a plurality of ana-
lytes; and

in the second step, the operation unit normalizes the
clectrophoresis waveform data recorded in the
recording unit, performs convolution using Gaussian
distribution on the normalized wave form data, and
generates the corrected wavetform data used for cal-
culation of the prediction value.

Further, a test value prediction method (4) according to the
present mvention 1s the test value prediction method (1)
defined above, wherein
the specific substance 1s CEA; and
the amount of the specific substance used as the criterion

variable for determination of the prediction equationis a

logarithmic value of a measured value of CEA.
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Further, a test value prediction method (5) according to the
present invention 1s the test value prediction method (1)
defined above, wherein
the recording unit further records a first parameter and a
second parameter that are used for normalization;
in the first step, the operation unit normalizes the electro-
phoresis wavetform data using a linear function in which
the first parameter 1s a slope and the second parameter 1s
an 1ntercept;
a plurality of warping functions that convert the electro-
phoresis wavelform data into a plurality of reference
wavelorm data, and DTW distances corresponding the
plurality of warping functions are obtained, and
the first parameter 1s the slope of a straight line approxi-
mating the warping function that corresponds to the
mimimum DTW distance among the plurality of DTW
distances, and the second parameter 1s the intercept of
the straight line; and
the slope of the straight line approximating the warping
function 1s obtained by
calculating slopes between any folding points of the
warping function,

excluding slopes included in predetermined regions at
both ends when the plurality of slopes between fold-
ing points are arranged 1n order of value,

obtaining the slope of the straight line from the remain-
ing slopes.

A test value prediction method (6) according to the present
invention 1s the test value prediction method (1) defined
above, wherein when the corrected wavetform data 1s gener-
ated such that the albumin peak is at position 149 and the
marker peak 1s at position 396,

a prediction equation for hemoglobin Alc contains, as

explanatory variables, absorbance values corresponding
to mobilities at least at positions 28, 130, 138, 148, 258,
261, 302,329, and 419,

a prediction equation for HDL cholesterol contains, as an
explanatory variable, an absorbance value correspond-
ing to a mobility at least at position 189, or

a prediction equation for glycoalbumin contains, as
explanatory variables, absorbance values corresponding,
to mobilities at least at positions 27, 28, 31, 128, 1350,
346, and 347.

Further, a test value prediction program according to the
present ivention 1s a program for causing a computer includ-
ing a recording unit and an operation unit to predict the
amount of a specific substance in an analyte or the presence or
absence of a disease in the living body from which the analyte
was obtained, wherein

a mobility and an absorbance value corresponding to the
mobility are used as a set of paired data; and

clectrophoresis wavetorm data formed by a plurality of
said sets of paired data, and a prediction equation for
predicting the amount of a specific substance 1n an ana-
lyte or the presence or absence of a disease 1n the living,
body from which the analyte was obtained are recorded
in the recording unit;

the prediction equation 1s a regression equation predeter-
mined by maximum likelihood estimation method 1n
which the explanatory variable 1s an absorbance value
corresponding to a mobility 1n corrected waveform data
generated as a result of the electrophoresis wavetform
data on a plurality of analytes being subjected to nor-
malization and area correction, and the criterion variable
1s the amount of the specific substance or the presence or
absence of a disease;

the test value prediction program enabling
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a first function in which the operation unit 1s caused to
read the electrophoresis wavetorm data recorded 1n
the recording unit and generate corrected waveform
data by performing normalization and area correction
on the electrophoresis wavetorm data, and

a second function in which the operation unit is caused to
read the prediction equation recorded in the recording
unit, calculate a value of the prediction equation by
substituting the absorbance value corresponding to
the mobility which 1s the explanatory variable of the
prediction equation with an absorbance value from
the corrected wavelform data generated from the elec-
trophoresis wavetform data recorded 1n the recording
unit, and use the calculated value as a prediction value
of the amount of the specific substance; and

the area correction1s a process to correct absorbance values
in electrophoresis waveform data using the area in the
normalized electrophoresis wavelorm data and the total
protein value of the analyte.

‘ects

Advantageous E

The present invention enables calculation of the amount of
a substance (test value) or determination of the presence or
absence of a disease (test value) with high accuracy, either of
which could not be predicted by a conventional protein frac-
tionation test, by using a regression equation determined
using the maximum likelihood estimation method (such as
multiple regression analysis, multiple logistic regression
analysis, etc.) in which the normalized electrophoresis wave-
form data 1s used as an explanatory variable.

Various test values are predicted simply by performing a
protein fractionation test, which 1s a relatively inexpensive
test, before performing a plurality of tests that impose high
costs on a test subject, e.g., a patient, thus limiting the
expenses 1mposed on a test subject who does not need to
undergo various tests. The protein fractionation test used in
the present invention counts for only 19 points under the
National Health Insurance point scheme in Japan.

When a predicted value 1s deviated from a standard value
(healthy range), an actual test can be performed according to
need, thus reducing the frequency at which tests are per-
tformed. Accordingly, this reduces the number of test appara-
tuses used 1n medical institutions and test institutions, and
also reduces the related cost for capital investment, reagents,
labor, etc. The protein fractionation test used in the present
invention 1s a test that can be analyzed as long as an electro-
phoresis apparatus 1s used exclusively for the test.

Further, the present invention 1s not limited to application
in the protein fractionation test. Application of the present
invention to data such as response curve data during an analy-
s1s of laboratory tests enables the obtainment of prediction
values of various test items by a single analysis, and thus 1t 1s
possible to construct a diagnosis support system capable of
quickly and efficiently providing information to a test subject.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing the schematic configu-
ration of a test value prediction apparatus according to an
embodiment of the present invention.

FIG. 2 1s a flowchart showing the process to calculate a
prediction value using a prediction equation, which 1s one of
the processes performed by the test value prediction appara-
tus according to the embodiment of the present invention.

FIG. 3 1s a flowchart showing the process to determine a
prediction equation, which 1s one of the processes performed
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by the test value prediction apparatus according to the
embodiment of the present invention.

FIG. 4 1s a graph showing an example of wavelorm data of
mobilities.

FIG. § 1s a flowchart showing the process to normalize
mobilities, which 1s one of the processes performed by the test
value prediction apparatus according to the embodiment of
the present invention.

FIG. 6 shows the concept of DTW,

FIG. 7 shows the concept of the determination of the slope
of a WF 1n a mobaility normalization method.

FIG. 8 1s a diagram showing an example of an SOM
obtained using sets of measurement data measured by capil-
lary electrophoresis.

FIG. 9 1s a diagram showing regression coellicients 1n
tabular form, which were determined for HbAlc in accor-
dance with the flowchart 1n FIG. 3.

FIG. 10 1s a graph plotting the actual values of HbAlc and
the prediction values thereot calculated using the regression
coellicients 1n FIG. 9.

FIG. 11 shows the results of an analyte group different
from that in FIGS. 9 and 10.

FIG. 12 1s a drawing showing regression coellicients 1n a
table form, which were determined for HDL 1n accordance
with the flowchart in FIG. 3.

FIG. 13 i1s a graph plotting the actual values of HDL and the
prediction values thereof calculated using the regression
coellicients 1n FIG. 11.

FIG. 14 shows results of an analyte group different from
that in FIGS. 12 and 13.

FIG. 15 shows Example regarding GA.

FIG. 16 shows Example in which a Gauss filter 1s applied.

FIG. 17 shows Example which uses multiple logistic
regression analysis.

EXPLANATION OF REFERENCE SYMBOLS

1 Test value prediction apparatus
11 Anthmetic processing unit

12 Temporary storage unit

13 Recording umit

14 Operation unit

15 Dasplay unit

16 I/O interface unit

17 Communication interface unit
18 Internal bus

2 Measuring apparatus

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

An embodiment of the present invention will hereinafter be
described with reference to the attached drawings.

FIG. 1 1s a block diagram showing the schematic configu-
ration of a test value prediction apparatus that uses electro-
phoresis wavelorm according to an embodiment of the
present invention. A test value prediction apparatus 1 accord-
ing to the present imnvention includes an arithmetic processing
unmit 11; a temporary storage unit 12; a recording unit 13; an
operation unit 14 that provides instructions and inputs data to
the arithmetic processing unit 11; a display unit 13 that dis-
plays processing results from the arithmetic processing unit
11; an interface unit (heremafiter referred to as an “I/O IF
unmit”) 16 for mterfacing with the operation unit 14 and the
display unit 15; a communication interface unit (hereinafter
referred to as a “communication IF umt”) 17 that exchanges
data with an external measuring apparatus 2; and an internal



US 8,306,939 B2

9

bus 18 for exchanging data among the internal units. The
measuring apparatus 2 1s, for example, a capillary zone elec-
trophoresis apparatus.

When the test value prediction apparatus 1 1s constructed
using, for example, a computer, the arithmetic processing unit
11, the temporary storage unit 12, and the recording unit 13
may be a CPU, an RAM, and a hard disk, respectively. The
operation unit 14 may be a keyboard, a mouse, or a touch
panel. The I/O IF unit 16 may be a serial or parallel interface
compatible with the operation unit 14. The I/O IF unit 16 has
a video memory and a digital-to-analog converter, and out-
puts an analog signal 1n accordance with the video format of
the display unit 15, whereby an 1image for presenting infor-
mation 1s displayed on the display unit 15.

FIGS. 2 and 3 are flowcharts showing the operation of the
test value prediction apparatus 1 according to the embodi-
ment. The operation of the test value prediction apparatus 1
will be described in detail below with reference to FIGS. 2
and 3. The following processes are explained as being per-
formed by the arithmetic processing unit 11 of the test value
prediction apparatus 1, unless otherwise specified. The arith-
metic processing unit 11 performs predetermined processing,
by acquiring data inputted through an operation of the opera-
tion unit 14, recording the data in the recording unit 13,
reading the data from the recording unit 13 into the temporary
storage unit 12 as required, performing predetermined pro-
cessing, and subsequently recording the results 1n the record-
ing unit 13. The anthmetic processing unit 11 also creates
screen data for prompting the operation of the operation unit
14 and for displaying the processing results, and displays
these 1mages on the display unit 15 via the video RAM of the
I/O IF unit 16. Additionally, results (hereinafter also referred
to as test values) obtained by testing a plurality of analytes
(biological samples such as blood extracted from test sub-
jects) for predetermined test 1tems (hemoglobin Alc, HDL
cholesterol, etc.) are recorded in the recording unit 13 in a
manner such that the results are associated with information
that specifies an analyte (for example, a code number for each
analyte) and information that specifies a test item (for
example, a code number of each test item). In other words,
analytes, test items, and test results of a group of analytes are
recorded such that the relationship there among 1s evident.

Calculation of Prediction Value

First, in Step S1, the anthmetic processing unit 11 acquires
measurement data from the measuring apparatus (electro-
phoresis apparatus) 2 via the communication IF unit 17 and
records the data i the recording unit 13. The measurement
data 1s wavelorm data on mobilities for a specific analyte, and
1s one-dimensional time series data measured at specific time
intervals.

In Step S2, the arithmetic processing unit 11 performs
normalization and area correction on the obtained measure-
ment waveform data. A normalization method may be a con-
ventional method described 1n the section “Background Art”
above or a later described method. FIG. 4 shows an example
of wavetorm data that was subjected to normalization and
area correction. In FIG. 4, the horizontal axis indicates the
normalized mobility and the vertical axis indicates the absor-
bance aiter the area was corrected. The mobilities are indi-
cated with integers from 1 to 500. Note that, in FIG. 4,
normalized wavetorm data 1s represented by a solid line, and
the shadows on the background indicate a range of standard
values obtained in a healthy population.

The area correction 1s a process to calculate a value of each
point of the normalized waveiorm (mobilities are in arange of
1 to 500) using an equation of Simpson’s rule for definite
integrals, and correct the area of the waveform such that the
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area is 1x10° when the total protein value is 7.0 (g/dl). In other
words, the height of the normalized waveform (absorbance
alter area correction) 1s calculated using the total protein
value of the analyte by the following equations:

correction factor=total protein valuex1x10%/7.0xarea,

height of normalized waveform=absorbance before
area correctionxcorrection factor.

The case 1n which a correction factor for correcting absor-
bance values 1s determined using the area 1s described herein,
but the present invention 1s not limited to the above method. It
suifices insofar as a correction factor enables correction of an
absorbance value such that the measured absorbance value
does not fall too far out of a predetermined range.

In Step S3, the arnithmetic processing unit 11 accepts, via
the operation unit 14, a specification of a test item subjected
to the calculation of a prediction value. The test item 1s speci-
fied by the following method, for example: a list of a plurality
of test items of which values are predictable 1s displayed on
the display unit 15, and the operation unmit 14 1s operated to
allow specilying any test item among the displayed test items.

In Step S4, the anthmetic processing unit 11 reads, from
the recording unit, a prediction equation corresponding to the
test 1tem specified 1 Step S3, and calculates a value of the
prediction equation using the wavelorm data that was sub-
jected to normalization and area correction m Step S2.
Although details are described later, 1t should be noted that
the prediction equation 1s an equation determined 1n advance
using multiple regression analysis, in which the mobility
wavelform data on a group of analytes (more accurately,
absorbance values corresponding to respective mobilities) 1s
used as an explanatory variable and a test item 1s used as a
criterion variable. The prediction equation 1s expressed as
equation 1.

Y=a0+alxSex+al2x Age+2pixPi (equation 1)

wherein, Y 1s a test value, Sex 1s the sex (+1 for male, —1 for
temale), Age 1s the age (positive integer value), Pi1 1s a value
(absorbance) corresponding to a mobility 1 of the waveform
data, and X indicates a summation regarding integer value 1.
Coellicients al, a2, and p1 are regression coellicients deter-
mined 1n advance by multiple regression analysis using Sex,
Age, and P1 as explanatory varnables. The constant a0 1s an
intercept. Accordingly, the normalized waveform data
obtained 1n Step S2 1s substituted into P11n equation 1, and the
sex and age of the test subject from which the analyte sub-
jected to wavetorm data measurement was extracted are sub-
stituted 1nto Sex and Age, and thereby a value o1 Y 1s calcu-
lated.

A prediction value (Y) of the test item specified in Step S3
1s obtained by the manner described above. Note that when a
plurality of test 1tems are specified in Step S3, as long as
different prediction equations corresponding to each speci-
fied test item have been predetermined 1n advance, a corre-
sponding prediction equation can be read and a prediction
value can be calculated for each specified test item 1n a similar
manner as described above.

In the later described Examples, hemoglobin Alc (herein
below also referred to as HbAlc), HDL cholesterol (herein
below also referred to as HDL), and glycoalbumin (herein
below also referred to as GA) are used as the test items,
however, the test items are not limited to the above. For
example, the present invention 1s applicable to the prediction
of the following test items: test 1tems relevant to metabolic
syndrome such as LDL cholesterol, total cholesterol, and
triglyceride; test items relevant to tumor markers such as AFP
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(a-fetoprotein) and CEA (carcinoembryonic antigen); test
items relevant to nutrition management such as ALB (albu-
min), C4 (complement), and transierrin; and test 1tems rel-
evant to infection and inflammation such as hs-CRP (C-reac-
tive  protemn), IgA  (immunoglobulin A), IgG
(immunoglobulin ) and IgM (immunoglobulin M).

Beside those mentioned above, the present invention 1s

applicable to the prediction of values for: TP, CHE, GLB,
Z'T'T, serum Ca, Na 1n urine, RBC, HT, HB, blood sedimen-
tation, glucose 1n 24-hour collected urine, protein 1n 24-hour
collected urine, 1.5-AG, anti-GAD Ab, circadian sugar level,
blood sugar during glucose tolerance test (each hourly value),
isulin during glucose tolerance test (each hourly value),
lactate, pyruvic acid, sialic acid, hyaluromc acid, E-CHO,
NEFA, H-CHO, TIBC, serum copper, zinc, vitamin B1, RBP,
LCAT, lysozyme, CKMB (MB %, MM %) LH, FSH Pro-
lactin, ACTH, T3, T4, CPR, mnsulin, BNP-FFEI, FIB, lupus anti
core grant, ASK, CH50, C3, LE, thyroid, ant1-1TG, anti-TPO,
haptoglon, SAA, IAP, B2-MIC, NSE, HGF, P-3-P, collagen
7S, CAI19-9R, CA72-4, BCA225, STN, pro-GRP, TPA,
ELASTA, SPANI1, ICTP, PSA, ICG, ALB 1 urine, NAG 1n
urine, nasal fluid eosinophils, etc.

Further, although the above description was directed to a
case 1n which a similar process 1s performed regardless of the
test 1tem subjected to prediction, calculation of some test
items may be carried out by performing a convolution opera-
tion (convolution integral) on the normalized waveform data
using a predetermined function and substituting a value of the
resulting waveform data into a prediction equation. For
example, 1t 1s possible to improve prediction accuracy for
CRP (atest item) by using Gaussian distribution to perform a
convolution operation on wavetform data and using the thus
obtained wavetorm data. CRP 1s not the only test item for
which a convolution operation 1s preferably used: other test
items 1nclude, for example, ALB, 32 lipoprotein, C4, trans-
terrin, IAP, IgG, etc.

Because convolution operations are well known 1n the field
of digital signal processing, the explanation thereof 1s omit-
ted. Note that, 1n the case of a convolution operation, it 1s a
premise that the determination of a prediction equation by
multiple regression analysis (described later) 1s performed
using waveform data on which the same convolution opera-
tion has been performed.

Additionally, although the flowchart 1n FIG. 2 includes a
measurement of wavetform data, wavetform data measured by
an apparatus different from the test value prediction apparatus
ol the present invention may be transmitted to the present test
value prediction apparatus via a network and/or a portable
recording medium and then subjected to the processes of Step
S2 and the following steps.

In addition, although the above description was directed to
the case 1n which the mobilities are indicated with integers
from 1 to 500, the range of mobilities 1s not limited thereto,
and neither the lower limit nor the upper limit 1s limited
thereto. It suffices insofar as the mobilities are presented as
digital values within a predetermined range and absorbance
values corresponding to respective mobilities are provided.
Generation of Prediction Equation

Next, a description 1s given of a process for generating, by
multiple regression analysis, a prediction equation used for
the calculation of a prediction value.

In Step S11, in order to prepare criterion variable data, a
predetermined test 1s performed on each analyte 1 regarding a
group ol a plurality of analytes j. The arnithmetic processing
unit 11 records, 1n the recording umt 13, the test values
obtained from the test and multidimensional test values data
(wavelorm) Vj that were subjected to normalization and area
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correction, 1 a manner associated with the analytes j. The
area correction 1s the method described 1n the above section
entitled “Calculation of Prediction Value”, and a description
regarding normalization 1s given later.

In Step S12, in order to prepare explanatory variable data,
wavelorm data on mobilities 1s measured for each analyte j
using the measuring apparatus (electrophoresis apparatus) 2,
regarding the same group of analytes 1 as described above.
Then, the arithmetic processing unit 11 performs normaliza-
tion and area correction on the waveform data obtained by the
measurement, and records, in the recording unit 13, the wave-
form data that was subjected to normalization and area cor-
rection 1n a manner associated with the analyte j.

In Step S13, the arithmetic processing unit 11 determines
regression coellicients (including intercepts) by stepwise
multiple regression analysis, using the test values and the
wave data collection obtained 1n Steps S11 and S12, and
records the obtained regression coetlicients 1n the recording
unit 13. The stepwise multiple regression analysis 1s a method
to determine a combination of significant variables by gradu-
ally adding and deleting explanatory variables such that the
goodness of fit of the regression equation 1s the most appro-
priate. This method 1s well known to skilled persons 1n the art,
and thus the description thereof 1s omitted.

A regression equation for a specific test 1tem 1s obtained
using the above described manner. This regression equation1s
a prediction equation to be used for the above described
calculation of a prediction value. Regression coelficients for
a plurality of different test items can be obtained using the
same group ol analytes. When the same group 1s used, nor-
malization of waveform data in Step S12 needs to be per-
formed only once, but the process 1 Step S11 needs to be
performed for each test item. Further, obtained regression
coellicients are recorded 1n the recording unit 13 1n a manner
such that these regression coelficients are associated with
respective test items.

As described regarding the calculation of a prediction
value, calculation for some specific test items may be carried
out by performing a convolution operation on normalized
wavelorm data using a predetermined function (for example,
Gaussian distribution) and then performing a stepwise mul-
tiple regression analysis using the thus obtained waveform
data.

Further, for a test item such as CEA 1n which a test value
thereol changes logarithmically according to the worsening
of a disease, a prediction equation with improved precision
can be generated by calculating the logarithm of such a test
value 1 Step S11 and then performing a stepwise multiple
regression analysis using the calculated logarithmic value.

Additionally, although Steps S11 and S12 1n FIG. 3 include
implementation of a test and measurement of wavetform data,
respectively, data tested and measured by an apparatus dit-
terent from the test value prediction apparatus of the present
invention may be transmitted to the present test value predic-
tion apparatus via a network and/or a portable recording
medium and then subjected to the processes of Step S13 and
the following steps.

Further, although the above description was directed to the
case 1n which a stepwise multiple regression analysis 1s used,
there 1s no limitation thereto. Any multiple regression analy-
s1s from which related attributes can be selected may be
suitably used. Further, 1t suilices mnsofar as the prediction
equation 1s one determined using a method classified as a
maximum likelithood estimation method. For example, as
described later, when a test value (criterion variable) 1s binary
(for example, the presence or absence of a disease), amultiple
logistic regression analysis can be used.
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Normalization of Wavelform Data

Next, an example of amethod of normalizing measurement
data obtained by the measuring apparatus (electrophoresis
apparatus) 2 1s described using the flowchart in FIG. 5. In the
normalization method of the present invention, a process to
obtain a warping function that converts measurement data to
reference wavelorm data by D'TW 1s carried out for a plurality
of sets of measurement data, and slopes and intercepts of a
plurality of warping functions thus obtained are used to nor-
malize measurement data that 1s subject to normalization.

In Step S21, measurement data 1s acquired from the mea-
suring apparatus via the communication IF umt 17 and
recorded 1n the recording 13 unit. The measurement data 1s
one-dimensional time series data measured at predetermined
time 1ntervals.

In Step S22, a counter k for counting repeated processes 1s
set to 1.

In Step S23, one of a plurality of sets of reference wave-
form data recorded in advance 1s read from the recording unit
13.

In Step S24, dynamic time warping (DTW) 1s applied to the
reference waveform data read 1in Step S23 and the measure-
ment data. More specifically, a warping function (hereinafter
also referred to as a “WF”") that converts measurement data to
reference waveform data 1s determined, and then a DTW
distance, which 1s a distance along the WE, 1s determined.
Since DTW 1s a well-known process, the concept of DTW 1s
shown in FIG. 6, with a detailed explanation being omaitted. In
FIG. 6, positive mteger values are sequentially assigned to
one set of unit time sequence data. The reference waveform
data 1s assigned O to J, and the measurement data 1s assigned
0 to L.

In Step S25, the anthmetic processing umit 11 records the
WF and the DTW distance determined in Step S24 in the
recording unit 13 1n a manner such that the WF and the DTW
distance are associated with the reference wavetform data. In
this embodiment, as shown in FIG. 6, since the WF draws a
polygonal line graph on a two-dimensional plane, the coor-
dinates (1, 1) (0=1=I, 0=1=]) at each folding point are
recorded 1nto the recording unit 13.

In Step S26, the arithmetic processing unit 11 determines
whether the value of the counter k 1s smaller than the total
number (kmax) of sets of reference waveform data or not,
thereby determining whether the processes from Steps S23 to
S25 have been completed for all the sets of reference wave-
form data. When k<kmax, there still remains one or more sets
of reference wavelorm data to be processed, so that the arith-
metic processing unit 11 proceeds to Step S27 to increase the
counter k by one, and returns to Step S23. In this manner, the
processes from Steps S23 to S25 are applied to all the sets of
reference wavelorm data.

In Step S28, the arithmetic processing unit 11 determines
the minimum value of the DTW distances recorded 1n the
recording unit 13, reads a set of the coordinate data of a WF
corresponding to the minimum value from the recording unit
13, and determines the slope o (primary coellicient) and
intercept 3 (constant term) of a linear function for linear
approximation of the WFE. Since the WF 1s theoretically a
straight line, linear regression or a non-parametric linear
regression method (for example, the Passing-Bablock tech-
nique) can be employed.

In this normalization method of the present invention, any
two sets of coordinate data are selected from a plurality of sets
of coordinate data representing folding points on the WF read
from the recording unit 13, and the slope of a straight line that
passes through these two points 1s determined. The median of
all the slopes 1s determined as the slope a of the straight line
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that approximates the WFE. Similarly with respect to the inter-
cept 3, the intercepts of all the combinations are calculated,
and the median of these values 1s determined as the 1intercept
3 of the straight line that approximates the WFE. In this manner,
both the slope o and the intercept p can be determined using
the same non-parametric technique. FIG. 7 1s a diagram that
schematically illustrates this process. One diagram on the
lower right of FIG. 7 1s a graph in which slopes between
points given by respective set of coordinate data are arranged
in ascending order from the left. Although the line of this
graph 1s substantially flat around the center, 1t abruptly
changes at around the right and left ends. Slopes of these
regions are determined using, among the sets of coordinate
data representing folding points on the WF, sets of coordinate
data representing folding points that greatly fall out of the
straight line when the WF 1s linearly approximated. Thus,
using the median of the slope distribution, outliers can be
removed.

In Step S29, the measurement data to be normalized 1s
corrected using the slope o and intercept 5 determined 1n Step
S28. More specifically, using the value of 1' determined 1n
accordance with the equation, 1'=ax1+ (wherein 0=1=1), the
position of a mobility m(1) that comprises the measurement
data on the graph 1s shifted to a new position 1' {from the
position 1. This means that the time axis of the measurement
data 1s scaled (extended or shortened) and offset.

In Step S30, the arithmetic processing unit 11 records the
measurement data corrected 1n Step S29 1n the recording unit
13, thereby completing the normalization process of the mea-
surement data. By way of the atorementioned processes, 1t 1s
possible to normalize (correct the time axis of) the measure-
ment data on mobilities, using sets of reference waveform
data that have been prepared 1n advance, without the use of a
marker substance.

When applying the present normalization method to Step
S2 above for calculation of a prediction value (see FIG. 2) and
Step S12 above for generation of a prediction equation (see
FIG. 3), the slope o and the mtercept 3 determined in the
above Step S28 1n advance (see FIG. §) simply should be
recorded 1n the recording unit 13.

As can be understood from the explanation above, the
accuracy ol the normalization method depends upon the
accuracy of the reference waveform data. When analyses
involving markers are possible 1n some reference laboratories
or the like, reference wavelorm data can be prepared by
normalizing the mobilities measured using the marker infor-
mation as in conventional manners.

In the case of an analysis method that cannot include a
marker, the wavelform data determined by self-orgamizing
map (SOM) can be used as reference wavelorm data. Since
SOM and the method of generating SOMs are well-known, a
detailed explanation thereof 1s omitted; an example of an
application of SOM to mobility measurement data 1is
explained below.

First, from a plurality of sets of waveform data obtained
using an analysis process that cannot include a marker, sets of
representative wavelform data are selected, and these sets of
representative wavetform data are visually corrected to pro-
vide sets of imitial reference wavetform data. Next, using these
initial reference wavelorm data, clustering by SOM 1s per-
formed to extract sets of typical wavelorm data. The resulting
sets of extracted waveform data are the sets of reference
wavelorm data for use 1n this embodiment.

At this state, if sets of typical wavelform data fail to be
extracted by clustering using SOM, the above-described cor-
rection procedure can be repeated until sets of such data are
extracted, thus generating sets of reference wavetform data
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with high accuracy. FIG. 8 shows an example of reference
wavelorm data obtained using measurement data determined

by capillary electrophoresis. In FIG. 8, the SOM consists of
one-hundred sets of reference waveform data. The correction
accuracy can be enhanced by changing the number of sets of
reference wavetform data according to the type of the wave-
form data for the target area.

The flowchart shown 1n FIG. 5 1s merely an example, and
does not limit the present invention. For example, although
FIG. § 1llustrates a case in which DTW 1s applied to each set
of reference wavelorm data, and all the results are recorded in
the recording unit, the present invention 1s not limited to this
example: any other process may be used insofar as the WF for
the most approximate reference waveform data can be deter-
mined. Subsequent to the application of DTW on one set of
reference wavetorm data, the result may be compared with a
result of previous DTW on another reference wavetorm data,
and only the WF of the smaller DTW distance (coordinate
data representing folding points) may be stored.

In addition, although the case 1n which a WF 1s linearly
approximated in Step S28 by using the medians of slopes and
intercepts and removing the outliers was described above, the
present invention 1s not limited to this example. For example,
in the graph shown 1n FIG. 7, 1n which the slopes are sorted 1in
order of increasing value, one value from the region with little
fluctuation may be used, or the average value of the values 1n
the region with little fluctuation may be used. The same
applies to the intercepts.

Although the above description was directed to the case 1n
which measurement data obtained by electrophoresis tests
(such as capillary zone electrophoresis) 1s used, the present
invention 1s not limited to the case above. Measurement data
obtained by chromatography (liqud chromatography, gas
chromatography, etc.) may also be used. Because a migration
wavelorm similar to an electrophoresis waveform can be
obtained from measurement data obtained by chromatogra-
phy, the present invention 1s also applicable to chromatogra-
phy measurement data instead of electrophoresis waveform
data described above. Note that, 1n the case of liquid chroma-
tography and gas chromatography, mobility 1s usually called
retention time. This means that, 1n the present specification
and the scope of claims, the term “mobility” means “retention
time” 1n the case of liquid chromatography and gas chroma-
tography.

Further, although the above description was directed to a
case 1n which a test value at the time point when electrophore-
s1s wavelorm data was measured 1s estimated from the mea-
sured data, a test value after a lapse of time can also be
estimated. For example, in a diabetes test, a subject ingests a
predetermined amount (for example, 75 g) of glucose, and
then the temporal changes 1in the blood glucose level and the
insulin level (1or example, 30, 60, and 90 minutes after inges-
tion) are observed. The present invention 1s also applicable to
such a diabetes test. In other words, the use of electrophoresis
wavelorm data obtained by measuring the electrophoresis
wavelorm of an analyte (blood) extracted immediately after
ingestion of glucose allows predicting future values of the
blood glucose level and the 1nsulin level of the subject.

EXAMPLE 1

Examples are provided below to further clarify the charac-
teristics of the present invention.

FIG. 9 1s a diagram showing regression coellicients in
tabular form, which were determined for HbAlc by perform-
ing a stepwise multiple regression analysis 1n accordance

with the flowchart in FIG. 3.
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First, 500 different analytes were subjected to the HbAlc
test and the protein fractionation test that uses a capillary zone

clectrophoresis apparatus (CZE2000, Beckman Coulter). The
obtained mobility waveform data was normalized using a
self-organizing map and D'TW such that the albumin peak 1s
positioned at position 149 (associated with variable name
“P149) and the marker peak 1s positioned at position 396
(associated with variable name “P396”), and the data was
converted such that each wavelorm 1s presented by data con-
s1sting of 500 points (absorbance). Further, the area of the
wavelorm was corrected using the total protein value. Then,
using the obtained waveform data and the HbAlc values, the
regression coellicients shown in FIG. 9 were determined by a
stepwise multiple regression analysis.

FIG. 10 1s a graph plotting the actual values of HbAlc and
the prediction values thereot calculated using the regression
coellicients 1 FIG. 9 (assuming that coellicients other than
those shown 1n FIG. 9 are 0). The vertical axis represents the
actual HbAlc values and the horizontal axis represents the
prediction values, 1.¢., results obtained by calculating a pre-
diction equation Y. The prediction values are calculation val-
ues for 100 analytes different from the 500 analytes used for
the calculation of regression coeificients. The correlation
coellicient between the prediction values and the actual val-
ues was 0.7. It 1s also clear from FIG. 10 that the prediction
values satistactorily reproduce the actual values.

FIG. 11(a) shows regression coellicients determined in a
similar manner as described above using a group of analytes
different from that described above. Additionally, FIG. 11(5)
1s a diagram plotting the actual values and the prediction
values calculated from the regression coelficients 1 FIG.
11(a), regarding 50 analytes. Note that, unlike FIG. 10, the
vertical axis represents the prediction values and the horizon-
tal axis represents the actual values. The correlation coetfi-
cient between the prediction values and the actual values was
0.78. Among the variable names shown 1n FIG. 11(a), vari-
able names representing positive regression coellicients mak-
ing a significant contribution are P28, P130, P261, P302, and
P329, and variable names representing negative regression
coellicients making a significant contribution are P138, P148,
P258, and P419. In other words, the use of absorbance values
corresponding to these variable names as explanatory vari-
ables 1n combination with a constant of order O allows a
highly accurate estimation of a test value.

-

EXAMPLE 2

FIG. 12 1s a diagram showing regression coelilicients in
tabular form, which were determined for HDL by performing
a stepwise multiple regression analysis in accordance with
the flowchart 1n FIG. 3, as 1s the case with Example 1.

FIG. 13 1s a graph plotting the actual values of HDL and the
prediction values thereof calculated using the regression
coellicients 1n FIG. 12 (assuming that coetficients other than
those shown 1n FIG. 12 are 0). The vertical axis represents the
actual HDL values and the horizontal axis represents the
prediction values, 1.e., results obtained by calculating a pre-
diction equation Y. The prediction values are calculation val-
ues for 100 analytes different from the 500 analytes used for
the calculation of regression coeflicients. The correlation
coellicient between the prediction values and the actual val-
ues was 0.87. It 1s also clear from FIG. 13 that the prediction
values satistactorily reproduce the actual values.

FIG. 14(a) shows regression coellicients determined in a
similar manner as described above using a group of analytes
different from that described above. Additionally, FIG. 14(b)

1s a diagram plotting, as 1s the case with FIG. 13, the actual

-
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values and the prediction values calculated from the regres-
sion coellicients 1n FIG. 14(a), regarding 50 analytes. The
vertical axis represents the prediction values and the horizon-
tal axis represents the actual values. The correlation coetii-
cient between the prediction values and the actual values was
0.82. Among the variable names shown 1n FIG. 14{(a), a
variable name representing a positive regression coelficient
making a significant contribution 1s P189. In other words, the
use of an absorbance value corresponding to this variable
name as an explanatory variable in combination with a con-
stant of order 0 allows a highly accurate estimation of a test
value.

EXAMPLE 3

e

FI1G. 15(a) 1s a diagram showing regression coelficients in
tabular form, which were determined for glycoalbumin (GA)
by performing a stepwise multiple regression analysis in
accordance with the flowchart in FIG. 3, as 1s the case with
Examples 1 and 2.

As described above, FIG. 15(5) 1s a graph plotting the
actual values of GA and the prediction values thereof calcu-
lated using the regression coellicients i FIG. 15(a). The
vertical axis represents the prediction values and the horizon-
tal axis represents the actual values. The prediction values are
calculation values of 50 analytes different from the 500 ana-
lytes used for the calculation of regression coetlicients. The
correlation coellicient between the prediction values and the
actual values was 0.96. Among the variable names shown 1n
FIG. 15(a), variable names representing positive regression
coellicients making a significant contribution are P28, P128
and P34/, and variable names representing negative regres-
sion coellicients making a significant contribution are P27,
P31, P150 and P346. In other words, the use of absorbance
values corresponding to these variable names as explanatory
variables 1n combination with a constant of order O allows a
highly accurate estimation of a test value.

EXAMPLE 4

For ALB (albumin), a convolution operation was per-
formed on normalized waveform data, and the thus obtained
wavelorm data was used to obtain a prediction equation. FIG.
16 shows the results. ALB 1s shown by the largest peak shape
that appears to the left (in the vicinity of P149) of the elec-
trophoresis waveform of ALB. A value of ALB can easily be
obtained from the area under the curve of the waveform.
However, the use of the estimation method of the present
invention allows further accurate estimation by using wave-
torms multiplied by a Gaussian distribution curve at 0=7.8. In
the case proteins present a clear fractionation, because the
height of a specific position indicates the amount of pure
protein, convolution using a Gaussian distribution curve can
result 1n a reduction of the number of selected variable names
and an improvement of the accuracy. FIG. 16(b) 1s a graph
plotting, as 1n the case above, the actual values of ALB and the
prediction values thereof calculated using the regression
coellicient 1n FIG. 16(a). The vertical axis represents the
prediction values and the horizontal axis represents the actual
values. The correlation coelficient between the prediction
values and the actual values was 0.99. Accordingly, 1t 1s clear
that the prediction equation that uses the regression coetfi-
cient 1n FIG. 16(a) exhibits a high accuracy.

EXAMPLE 5

Using the presence or absence of a diagnosis of diabetes as
learning data, an estimation parameter was determined by a
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multiple logistic regression analysis, and the actual diagnos-
tic ability was examined. Specifically, using absorbance val-
ues corresponding to normalized mobilities as explanatory
variables and the presence or absence of a disease as criterion
variables (*1” for a person diagnosed as having the disease,
and “0” for a person diagnosed as not having the disease),
prediction parameters were determined by performing mul-
tiple logistic regression analysis, and a diagnosis of the dis-
case was carried out based on these parameters.

Specifically the following equation was used.

Probability belonging to the disease group (diabetes)
=1/(1+e™)

X=b04+b1xM1+b2xM2+ .. . +bnxMmn

wherein, b0, bl, . . ., bn are regression coelficients, M1, . . .
, Mn are absorbance values corresponding to mobilities 1ndi-
cated by variable names P0O1, .. ., Pn.

FIG. 17 shows the results. FIG. 17(a) shows regression
coellicients determined in a similar manner as described
above. FIG. 17(b) shows prediction results calculated based
on the regression coellicients 1n FI1G. 17(a). In FIG. 17(d), the
upper histogram shows a distribution of diabetic patients, and
the lower histogram shows a distribution of non-diabetic
patients. According to the results of prediction of a diabetic
group, the test showed a high performance, with a sensitivity
(percentage 1n which the presence of a diabetes was accu-
rately 1dentified by the diagnosis) of 94%, and a specificity
(percentage in which the absence of a diabetes was accurately
identified by the diagnosis) ol 85.4%. These results are supe-

rior to evaluation results obtained by generally used single
tests for HbAlc and GA.

INDUSTRIAL APPLICABILITY

The use of a regression equation obtained by a maximum
likelihood estimation method 1n which normalized electro-
phoresis wavelform data 1s used as an explanatory variable
enables precise calculation of a test value that could not be
predicted by a conventional protein fractionation test.

The mvention claimed 1s:
1. A test value prediction apparatus comprising:
a recording unit and an operation unit, wherein
a mobility and an absorbance value corresponding to the
mobility are used as a set of paired data; and electro-
phoresis wavelform data formed by a plurality of said
sets of paired data, and a prediction equation for predict-
ing the amount of a specific substance in an analyte or
the presence or absence of a disease 1n the living body
from which the analyte was obtained are recorded in the
recording unit;
the prediction equation 1s a regression equation predeter-
mined by a maximum likelithood estimation method, n
which the explanatory variable 1s an absorbance value
corresponding to a mobility 1n corrected wavetform data
generated as a result of the electrophoresis waveform
data on a plurality of analytes being subjected to nor-
malization and area correction, and the criterion variable
1s the amount of the specific substance or the presence or
absence of a disease;
the operation unit 1s configured to
read the electrophoresis wavetorm data recorded 1n the
recording unit, and generate corrected wavetform data
by performing normalization and area correction on
the electrophoresis wavetorm data, and
read the prediction equation recorded in the recording
unit, calculate a value of the prediction equation by
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substituting the absorbance value corresponding to
the mobility which 1s the explanatory vanable of the
prediction equation, with an absorbance value from
the corrected wavelorm data generated from the elec-
trophoresis waveform data recorded 1n the recording
unit, and use the calculated value as a prediction value
of the amount of the specific substance or the presence
or absence of a disease; and
the area correction 1s a process to correct absorbance values
in electrophoresis wavelorm data using the area in the
normalized electrophoresis wavelorm data and the total
protein value of the analyte.
2. The test value prediction apparatus according claim 1,
wherein
the specific substance 1s one substance selected from the
group consisting of hemoglobin Alc, glycoalbumin,
HDI., cholesterol, LDL cholesterol, total cholesterol,
triglyceride, AFP, CEA, ALB, C4, transierrin, CRP, IgA,
IeG, IgM, TP, CHE, GLB, ZT'1, serum Ca, Na 1n urine,
RBC, HT, HB, blood sedimentation, glucose 1n 24-hour
collected urine, protein 1n 24-hour collected urine, 1.5-
AG, anti-GAD Ab, circadian sugar level, blood sugar
during glucose tolerance test (each hourly value), insulin
during glucose tolerance test (each hourly value), lac-

tate, pyruvic acid, sialic acid, hyaluronic acid, E-CHO,
NEFA, H-CHO, TIBC, serum copper, zinc, vitamin B1,

RBP, LCAT, lysozyme, CKMB (MB %, MM %), LH,

FSH, prolactin, ACTH, T3, T4, CPR, msulin, BNP-FFEI,

FIB, lupus anti core grant, ASK, CH50, C3, LE, thyroid,
ant1-1G, anti-TPO, haptoglon, SAA, IAP B2-MIC,

NSE, HGF, P-3-P, collagen 75, CA19-9R, CA72-4,

BCA225, STN, pro-GRP, TPA, ELASTA, SPANI,

ICTP, PSA ICG, ALB 1 urine, NAG 1n urine, and nasal
fluid eosinophils.

3. The test value prediction apparatus according to claim 1,

wherein

the corrected wavetform data used for determination of the
prediction equation 1s wavelform data obtained by per-
forming convolution using Gaussian distribution on
wavelorm data generated as a result of normalization of
the electrophoresis wavetform data on a plurality of ana-
lytes; and

the operation unit normalizes the electrophoresis wave-
form data recorded in the recording unit, performs con-
volution using Gaussian distribution on the normalized
wavelorm data, and generates the corrected waveform
data used for calculation of the prediction value.

4. The test value prediction apparatus according to claim 1,

wherein
the specific substance 1s CEA; and
the amount of the specific substance used as a criterion

variable for determination of the prediction equationis a

logarithmic value of a measured value of CEA.

5. The test value prediction apparatus according to claim 1,

wherein

the recording unit further records a first parameter and a
second parameter that are used for normalization;

the operation unit normalizes the electrophoresis wave-
form data using a linear function in which the first
parameter 15 a slope and the second parameter 1s an
intercept;

a plurality of warping functions that convert the electro-
phoresis wavetform data into a plurality of reference
wavetorm data, and DTW distances corresponding the
plurality of warping functions are obtained, and
the first parameter 1s the slope of a straight line approxi-

mating the warping function that corresponds to the
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mimimum D'TW distance among the plurality of DTW
distances, and the second parameter 1s the intercept of
the straight line; and

the slope of the straight line approximating the warping

function 1s obtained by

calculating slopes between any folding points of the
warping function,

excluding slopes included 1n predetermined regions at
both ends when the plurality of slopes between fold-
ing points are arranged 1n order of value, and

obtaining the slope of the straight line from the remain-
ing slopes.

6. The test value prediction apparatus according to claim 1,
wherein when the corrected wavetorm data 1s generated such
that the albumin peak 1s at position 149 and the marker peak
1s at position 396,

a prediction equation for hemoglobin Alc contains, as

explanatory variables, absorbance values corresponding
to mobilities at least at positions 28, 130, 138, 148, 238,
261, 302,329, and 419,

a prediction equation for HDL cholesterol contains, as an
explanatory variable, an absorbance value correspond-
ing to a mobility at least at position 189, or

a prediction equation for glycoalbumin contains, as
explanatory variables, absorbance values corresponding,
to mobilities at least at positions 27, 28, 31, 128, 150,
346, and 347.

7. A test value predicting method for predicting the amount
of a specific substance 1n an analyte or the presence or
absence of a disease 1n the living body from which the analyte
was obtained, by using a computer comprising a recording
unit and an operation unit, wherein

a mobility and an absorbance value corresponding to the
mobility are used as a set of paired data; and

clectrophoresis wavelorm data formed by a plurality of
said sets of paired data, and a prediction equation for
predicting the amount of a specific substance in an ana-
lyte or the presence or absence of a disease 1n the living
body from which the analyte was obtained are recorded
in the recording unit;

the prediction equation 1s a regression equation predeter-
mined by maximum likelihood estimation method 1n
which the explanatory varnable 1s an absorbance value
corresponding to a mobility 1n corrected waveform data
generated as a result of the electrophoresis wavetform
data on a plurality of analytes being subjected to nor-
malization and area correction, and the criterion variable
1s the amount of the specific substance or the presence or
absence of a disease;

the test value prediction method further comprising:

a first step 1n which the operation unit reads the electro-
phoresis wavelorm data recorded in the recording
unit, and generates corrected waveform data by per-
forming normalization and area correction on the
clectrophoresis wavetorm data, and

a second step 1n which the operation unit reads the pre-
diction equation recorded 1n the recording unit, cal-
culates a value of the prediction equation by substi-
tuting the absorbance value corresponding to the
mobility which 1s the explanatory variable of the pre-
diction equation with an absorbance value from the
corrected wavelform data generated from the electro-
phoresis wavelorm data recorded in the recording
unit, and uses the calculated value as a prediction
value of the amount of the specific substance or the
presence or absence of a disease; and
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the area correction 1s a process to correct absorbance values
in electrophoresis waveform data using the area in the
normalized electrophoresis wavelorm data and the total
protein value of the analyte.

8. The test value prediction method according to claim 7,

wherein

the specific substance 1s one substance selected from the
group consisting of hemoglobin Alc, glycoalbumin,
HDL cholesterol, LDL cholesterol, total cholesterol,
triglyceride, AFP, CEA, ALB, C4, transierrin, CRP, IgA,
IegG, IgM, TP, CHE, GLB, ZT'1, serum Ca, Na in urine,
RBC, HT, HB, blood sedimentation, glucose 1n 24-hour
collected urine, protein 1n 24-hour collected urine, 1.5-
AG, anti-GAD Ab, circadian sugar level, blood sugar
during glucose tolerance test (each hourly value), insulin
during glucose tolerance test (each hourly value), lac-
tate, pyruvic acid, sialic acid, hyaluronic acid, E-CHO,
NEFA, H-CHO, TIBC, serum copper, zinc, vitamin B1,
RBP, LCAT, lysozyme CKMB (MB %, MM %), LH,

FSH, prolactin, ACTH, T3, T4, CPR, insulin, BNP-FFEI,

FIB, lupus anti core grant, ASK CH50, C3, LE, thyroid,
ant1-1G, anti-TPO, haptoglon, SAA, IAP, B2-MIC,

NSE, HGF, P-3-P, collagen 75, CA19-9R, CA72-4,

BCA225, STN, pro-GRP, TPA, ELASTA, SPANI,

ICTP, PSA, ICG, ALB 1 urine, NAG 1n urine, and nasal
fluad eosinophils.

9. The test value prediction method according to claim 7,

wherein

the corrected wavetform data used for determination of the
prediction equation 1s wavelorm data obtained by per-
forming convolution using Gaussian distribution on
wavelorm data generated as a result of normalization of
the electrophoresis wavetorm data on a plurality of ana-
lytes; and

in the second step, the operation unit normalizes the elec-
trophoresis wavelorm data recorded in the recording
umt, performs convolution using Gaussian distribution
on the normalized wave form data, and generates the
corrected wavelorm data used for calculation of the pre-
diction value.

10. The test value prediction method according to claim 7,

wherein
the specific substance 1s CEA; and
the amount of the specific substance used as the criterion

variable for determination of the prediction equationis a

logarithmic value of a measured value of CEA.

11. The test value prediction method according to claim 7,

wherein

the recording unit further records a first parameter and a
second parameter that are used for normalization;

in the first step, the operation unit normalizes the electro-
phoresis wavetorm data using a linear function in which
the first parameter 1s a slope and the second parameter 1s
an tercept;

a plurality of warping functions that convert the electro-
phoresis waveform data into a plurality of reference
wavelorm data, and DTW distances corresponding the
plurality of warping functions are obtained, and

the first parameter 1s the slope of a straight line approxi-
mating the warping function that corresponds to the
minimum DTW distance among the plurality of DTW
distances, and the second parameter 1s the intercept of
the straight line; and

the slope of the straight line approximating the warping
function 1s obtained by
calculating slopes between any folding points of the

warping function,

10

15

20

25

30

35

40

45

50

55

60

65

22

excluding slopes included 1n predetermined regions at
both ends when the plurality of slopes between fold-
ing points are arranged 1n order of value, and
obtaining the slope of the straight line from the remain-
ing slopes.
12. The test value prediction method according to claim 7,
wherein when the corrected wavetorm data 1s generated such
that the albumin peak 1s at position 149 and the marker peak
1s at position 396,
a prediction equation for hemoglobin Alc contains, as
explanatory variables, absorbance values corresponding
to mobilities at least at positions 28, 130, 138, 148, 238,
261, 302,329, and 419,

a prediction equation for HDL cholesterol contains, as an
explanatory variable, an absorbance value correspond-
ing to a mobility at least at position 189, or

a prediction equation for glycoalbumin contains, as
explanatory variables, absorbance values corresponding
to mobilities at least at positions 27, 28, 31, 128, 150,
346, and 347.

13. A test value prediction program, embedded 1n a non-
transitory storage medium, for causing a computer compris-
ing a recording unit and an operation umt to predict the
amount of a specific substance in an analyte or the presence or
absence of a disease in the living body from which the analyte
was obtained, wherein

a mobility and an absorbance value corresponding to the

mobility are used as a set of paired data; and electro-
phoresis wavetform data formed by a plurality of said
sets of paired data, and a prediction equation for predict-
ing the amount of a specific substance in an analyte or
the presence or absence of a disease 1n the living body
from which the analyte was obtained are recorded 1n the
recording unit;

the prediction equation 1s a regression equation predeter-

mined by maximum likelihood estimation method 1n
which the explanatory varnable 1s an absorbance value
corresponding to a mobility 1n corrected waveform data
generated as a result of the electrophoresis wavetform
data on a plurality of analytes being subjected to nor-
malization and area correction, and the criterion variable
1s the amount of the specific substance or the presence or
absence of a disease;

the test value prediction program enabling

a first function 1n which the operation unit 1s caused to
read the electrophoresis wavetorm data recorded 1n
the recording unit and generate corrected wavetform
data by performing normalization and area correction
on the electrophoresis wavetorm data, and

a second function in which the operation unit 1s caused to
read the prediction equation recorded 1n the recording,
unit, calculate a value of the prediction equation by
substituting the absorbance value corresponding to
the mobility which 1s the explanatory variable of the
prediction equation with an absorbance value from
the corrected waveform data generated from the elec-
trophoresis wavelform data recorded 1n the recording
unit, and use the calculated value as a prediction value
of the amount of the specific substance; and

the area correction 1s a process to correct absorbance values

in electrophoresis waveform data using the area in the

normalized electrophoresis waveform data and the total
protein value of the analyte.
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